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Background: It is generally accepted that maternal smoking has more detrimental
effects than paternal smoking on the respiratory health of children. The objective of
this study was to assess the effects of postnatal exposure due to the smoking
behaviour by father and mother in the home, and prenatal exposure from maternal
smoking during pregnancy, on the respiratory symptoms in children.
Methods: The parents of 484 children, aged 3–6 years, completed a questionnaire
about smoking and respiratory symptoms in children. Bivariate and logistic regression
analyses were used to examine the associated factors with respiratory symptoms.
Results: The final model of logistic regression analysis showed that prenatal exposure
by maternal smoking during pregnancy increased the risk of wheezing with colds
(adjusted OR ¼ 2.00, 95% CI:1.13–3.55) with respect to those children whose mothers
reported no smoking during pregnancy. Postnatal exposure by maternal smoking in the
home, in the presence of the child, increased the risk of cough with phlegm (adjusted
OR ¼ 2.79, 95% CI:1.23–6.30) with respect to those children whose mothers did not
smoke in their presence. Paternal smoking was associated with wheezing and cough in
the bivariate analysis, but did not remain significant in the multivariate analysis.
Conclusions: Our results underline a greater influence of exposure to maternal
smoking (prenatal and postnatal) than postnatal paternal smoking on the
development of respiratory symptoms in young children.
& 2005 Elsevier Ltd. All rights reserved.Elsevier Ltd. All rights reserved.
243544; fax: +34 958 246118.
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Parental smoking and respiratory symptoms in children 1139Introduction
The negative effects of exposure to environmental
tobacco smoke (pre- and postnatal) on the respira-
tory health of children have been well documented
the world over. Postnatal parental smoking in-
creases the risk of different types of cough,
phlegm, and wheezing; and prenatal exposure by
maternal smoking during pregnancy affects pul-
monary function and increases the risk of wheezing
and asthma in children.1–4
However, in the specific literature,2,3,5–11 it
remains unclear whether paternal smoking, mater-
nal smoking, or both may affect the respiratory
health of offspring to varying degrees. Some studies
that analyse both paternal and maternal smoking
report a greater effect of maternal smoking on the
respiratory health than paternal smoking;2,5 others
find that maternal smoking has negative effects on
the respiratory health of children while paternal
smoking does not;6–10,12 and still others find no
difference between the effect of maternal and
paternal smoking.11 The greater influence of
maternal smoking than paternal smoking on the
respiratory health of children has been explained
by the effects of prenatal exposure and by the close
proximity of the mother with her offspring during
the first years of life.3,4
Clarifying the influence of smoking behaviour of
each parent is a fundamental step in designing
educational programs to protect children’s respira-
tory health. The objective of this study was
to assess the effects of postnatal exposure from
smoking behaviour by father and mother in the
home, and prenatal exposure from maternal
smoking during pregnancy, on the respiratory
symptoms (cough, phlegm and wheezing) in chil-
dren aged 3–6.Methods
This is a cross-sectional study of 521 children 3–6
years of age, randomly chosen from 25 pre-schools
in the city of Granada (Spain). A self-reporting
questionnaire was distributed to parents by the
teachers. The questionnaire included information
about the socio-demographic and family back-
ground, household characteristics and smoking
behaviour of parents. The smoking status of each
parent was classified as: non-smokers, ex-smokers,
daily smokers, or occasional smokers. To evaluate
the postnatal exposure, fathers and mothers were
asked about the following practices in the home:
smoking in the (main) living room in the presence oftheir offspring (yes/no); smoking in another part of
the house such as the patio or balcony (yes/no);
and number of cigarettes/day smoked by him/her
and other family members (usual residents) in the
home. This gave us the total number of cigarettes
(0, 1–5, 6–10, 11–20, 21–30, 430) smoked per day
in the household. To validate the information
reported by parents, we measured urinary cotinine
(biomarker of exposure) in 115 children; cotinine
levels increased with respect to a number of
variables related with smoking behaviour of par-
ents.13 Mothers were also asked if they had smoked
during pregnancy. Ideally, prenatal exposure would
have been studied separately, but it is difficult to
encounter a group of mothers who smoke during
pregnancy and then quit immediately after giving
birth. This question therefore served to evaluate
prenatal exposure with subsequent postnatal ex-
posure through maternal smoking.
The respiratory symptoms were examined
through a series of questions adapted from the
American Thoracic Society questionnaire for chil-
dren.14 These questions were completed by
mothers, as previous studies have done,11 because
the mother is usually more closely involved than
the father in the child’s around-the-clock care.
Mothers were asked about the following symptoms
in their children: cough with colds (usually); cough
apart from colds (usually); cough on most days (four
or more days per week) for as much as 3 months of
the year; congestion and/or phlegm with colds
(usually); congestion and/or phlegm apart from
colds (usually); congestion and/or phlegm on most
days (four or more days per week) for as many as 3
months of the year; attacks of cough, chest
congestion or phlegm lasting for one week or more
each year; wheezing with colds; wheezing without
colds; wheezing most days or nights; breathlessness
with wheeze; wheezing with exercise; and asthma
diagnosed by a doctor. Moreover, information about
the family history of respiratory diseases (bron-
chitis, emphysema, asthma, hay fever) was re-
quested from the mother.Statistical analyses
Data were computed using software packages SPSS
9.01, StatXact 4.0 and LogXact 3.0. Bivariate
analyses with Pearson’s w2 test for 2 2 contin-
gency tables and the exact test of Fisher were used
to determine the associations of respiratory symp-
toms with exposure to parental smoking, and
possible confounding variables. Multivariate logistic
models were used to analyse the independent
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in children. The multivariate models include the
variables with statistical significance as well as
those that gave nearly significant in the bivariate
analysis, as N is very small for certain categories.
We took special care with co-linearity between
independent variables, so when a situation of clear
co-linearity was found, the independent variable
most strongly associated with the variable of
response was chosen. Crude and adjusted odds
ratios (OR) and 95% confidence intervals (CI) were
calculated to estimate the strength of association
between independent variables and respiratory
symptoms.Results
The questionnaires were completed by 461 (88.5%)
fathers and 484 (92.8%) mothers. The average age
of the children was 4.970.9 years (mean7SD); of
these, 260 (53.7%) were boys. The average age of
fathers was 36.975.1 years, and of mothers
34.674.8. While 30% of the parents had a
university level education, 24% had a technical
education, 13% had secondary studies, and 30% had
only a primary education. The smoking status of
each parent, postnatal exposure in the home and
prenatal exposure can be seen in Table 1; the
exposure during the prenatal stage because of
maternal smoking was a reality for 20.0% of the
children. The educational level of parents did not
influence their smoking status (father P ¼ 0:318;
mother P ¼ 0:103).
The symptoms reported most frequently in
children were: cough with colds (66.5%), cough
with phlegm for 1 week or more each year (32.7%),
phlegm with colds (29.2%), wheezing with colds
(19.2%), and breathlessness with wheeze (8.7%).
The less frequent symptoms were: cough without
colds (7.1%), cough on most days (5.5%), wheezing
without colds (4.2%), wheezing with exercise
(3.4%), phlegm on most days (2.9%), phlegm with-
out colds (2.0%), wheezing with exercise (3.4%) and
wheezing most days or nights (0.6%). The preva-
lence of asthma diagnosed by a doctor was 3.2%. As
for antecedents, 19.4% had a parental history of
bronchitis, 19.2% of asthma, 3.8% of hay fever and
2.4% of emphysema. Two of the four more
prevalent symptoms—attacks of cough with
phlegm, and wheezing with colds—were associated
with variables referring to parental smoking beha-
viour (Table 1).
Wheezing with colds was associated with smoking
status of both, father and mother; number ofcigarettes/day (over five) smoked by all family in
the home; and with prenatal exposure by maternal
smoking during pregnancy (with subsequent post-
natal exposure). Cough with phlegm was associated
with smoking status of father and with the practice
of parents of smoking in the living room in the
presence of offspring (Table 1). The father’s or
mother’s smoking in an open area of the home
such as the patio or balcony was not significantly
associated with the prevalence of cough
with phlegm (father P ¼ 0:678; mother P ¼ 0:748)
or wheezing with colds (father P ¼ 0:878;
P ¼ 0:161).
Of the socio-demographic variables analysed,
only the educational level of the mother was
associated with cough with phlegm (Table 1). In
fact, there was a greater prevalence of this
symptom among the children whose mothers had
technical education or a university-level education
as compared with mothers having primary or
secondary studies alone, perhaps because the
better educated mothers were more accurate in
describing the respiratory symptoms of their off-
spring, as the educational level was not associated
with the smoking status of the mother per se
(mother w2 ¼ 18:42; df ¼ 12; P ¼ 0:103).
Tables 2 and 3 present the results of logistic
regression analysis for wheezing with colds and
cough with phlegm. Prenatal exposure by maternal
smoking during pregnancy (with subsequent post-
natal exposure) increased the risk of wheezing with
colds (adjusted OR ¼ 2.00, 95% CI: 1.13–3.55) with
respect to those children whose mothers reported
not smoking during pregnancy. The mother’s smok-
ing status, which was associated with wheeze
(crude OR ¼ 1.45, 95% CI: 0.91–2.33), could not
be included in the final regression model because it
presented high co-linearity with the father’s smok-
ing status (Table 2). Postnatal exposure by maternal
smoking in the home, in the presence of the child,
increased the risk of attacks of cough with phlegm
(adjusted OR ¼ 2.79, 95% CI: 1.23–6.30) as com-
pared with those children whose mothers did not
smoke in their presence (Table 3). Paternal smoking
had no significant influence on wheezing with colds
and cough with phlegm.Discussion
Previous studies2,5 have reported a greater influ-
ence of maternal smoking than paternal smoking on
the respiratory health of children. The results of our
study confirm the relevance of maternal smoking
(prenatal and postnatal) on the development—in
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Table 1 Distribution of wheezing with colds and cough with phlegm in children according to socio-demographic
characteristics and exposure to environmental tobacco smoke (pre- and postnatal).
Variables Subjects Wheezing with colds Cough with phlegm
N (%) P-value N (%) P-value
Gender of children 0.349 0.655
Male 260 48 (18.4) 92 (35.4)
Female 224 49 (21.8) 74 (33.1)
Age of children (years) 0.157 0.276
3–4 216 49 (22.7) 68 (31.5)
5–6 268 47 (17.5) 97 (36.2)
Father’s education 0.813 0.556
Primary 146 26 (17.7) 44 (30.3)
Secondary 61 12 (20.7) 24 (40.0)
Technical 112 23 (20.9) 37 (33.3)
University 142 32 (22.3) 51 (35.9)
Mother’s education 0.974 0.029
Primary 147 29 (19.9) 37 (25.2)
Secondary 65 14 (21.9) 21 (32.3)
Technical 113 22 (19.3) 45 (39.8)
University 154 32 (20.9) 61 (39.6)
Number of siblings 0.852 0.104
1 122 26 (21.3) 40 (32.8)
2 277 57 (20.6) 105 (37.9)
42 79 14 (17.7) 20 (25.3)
Index of crowding 0.383 0.514
o1 96 16 (18.6) 31 (32.2)
¼ 1 172 29 (18.2) 56 (32.9)
41 215 49 (23.7) 80 (37.2)
Father’s smoking status 0.024 0.051
Non-smoker 123 19 (15.4) 36 (29.3)
Ex-smoker 100 13 (13.0) 27 (27.0)
Occasional smoker 30 7 (23.3) 14 (46.7)
Daily smoker 208 53 (25.8) 81 (38.9)
Mother’s smoking status 0.007 0.142
Non-smoker 173 30 (17.3) 58 (33.5)
Ex-smoker 100 17 (17.0) 36 (36.0)
Occasional smoker 53 5 (9.4) 11 (20.8)
Daily smoker 158 45 (28.5) 60 (38.0)
Father smoking in presence of the childy 0.123 0.001
No 314 63 (20.0) 91 (29.0)
Yes 127 34 (26.7) 57 (44.9)
Mother smoking in presence of the childz 0.182 0.056
No 348 67 (19.2) 109 (31.3)
Yes 85 23 (27.0) 36 (42.4)
Cigarettes/day smoked by all family 0.010 0.411
p5 315 54 (17.1) 106 (33.6)
45 137 38 (27.7) 55 (40.1)
Maternal smoking during pregnancy 0.019 0.626
No 245 44 (18.0) 87 (35.5)
Yesy 97 31 (32.0) 34 (35.0)
yNumbers do not add up to 461 fathers due to missing values; the response
’ ’
No’’ includes non-smokers.
zNumbers do not add up to 484 mothers due to missing values; the response
’ ’
No’’ includes non-smokers.
y
’ ’
Yes’’ includes smoking both during and after pregnancy: 86 daily smoking mothers and 11 occasional smoking mothers.
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Table 2 Logistic regression of factors associated with wheezing with colds in children 3–6 years.
Variables Subjects % Crude OR 95% CI Adjusted OR 95% CI
Father’s smoking status
Non-smokery 14.3 1.00 Ref. 1.00 Ref.
Smokerz 25.2 1.95 1.22–3.15 1.39 0.80–2.42
Mother’s smoking status
Non-smokery 17.2 1.00 Ref. NIy
Smokerz 23.7 1.45 0.91–2.33
Maternal smoking during pregnancy
No 18.0 1.00 Ref. 1.00 Ref.
Yesz 32.0 2.26 1.37–3.72 2.00 1.13–3.55
Cigarettes/day smoked by all family
p5 17.1 1.00 Ref 1.00 Ref.
45 27.7 1.85 1.15–2.98 1.23 0.67–2.23
Adjusted OR for age and gender of children and parental history of respiratory diseases (in addition to the variables included
in the table).
yNon-smoker includes both non-smokers and ex-smokers.
zSmoker includes both daily and occasional smokers.
yNI variable not included in the model due to co-linearity.
z
’ ’
Yes’’ includes smoking both during and after pregnancy.
Table 3 Logistic regression of factors associated with cough with phlegm in children 3–6 years.
Variables Subjects % Crude OR 95% CI Adjusted OR 95% CI
Father’s smoking status
Non-smokery 28.2 1.00 Ref. 1.00 Ref.
Smokerz 39.9 1.69 1.14–2.49 1.29 0.60–2.75
Father smoking in the presence of the child
No 29.0 1.00 Ref. NIy
Yes 44.9 1.87 1.19–2.95
Mother smoking in presence of the child
No 31.3 1.00 Ref. 1.00 Ref.
Yes 42.4 1.61 0.95–2.60 2.79 1.23–6.30
Maternal level of education
Primary or secondary 27.3 1.00 Ref. 1.00 Ref.
Technical or university 39.7 1.75 1.08–2.83 1.97 0.96–4.05
Adjusted OR for age and gender of children and parental history of respiratory diseases (in addition to the variables included
in the table).
yNon-smoker includes both non-smokers and ex-smokers.
zSmoker includes both, daily and occasional smokers.
yNI variable not included in the model due to co-linearity.
D. Jurado et al.1142young children—of wheezing with colds and cough
with phlegm, respectively.
Prenatal exposure is known to affect fetal lung
development and reduce pulmonary function in the
infant,15,16 which would put these offspring at a
greater risk of developing wheezing.7 In our study,
prenatal exposure by maternal smoking during
pregnancy was related to wheeze in children, in
agreement with other studies5–7,9,12,17,18 doubling
its risk with respect to those children whose
mothers reported not smoking during pregnancy.Many studies have associated wheeze with prenatal
maternal smoking during the first two or 3 years of
life,7,9,12,17,18 but not afterwards. The results of
our study suggest that the role of maternal smoking
during pregnancy on the development of wheeze
could remain after the first year of life. Similar
results were obtained by Gilliland et al.6 in a
sample of school children aged nine or over.
Moreover, prenatal exposure by maternal smoking
was not associated with cough in children, a finding
also reported in previous studies.9
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mother’s smoking in the living room in the presence
of the child—was not associated with wheezing.
One interpretation of this result could be that the
effect of prenatal exposure on the development of
wheezing minimises the effect of postnatal mater-
nal smoking. Similarly, other studies9,12 have found
no association between postnatal maternal smoking
and childhood wheeze. Postnatal maternal smoking
was also associated with cough with phlegm
(adjusted OR ¼ 2.79, 95% CI: 1.23–6.30), as seen
in other studies.2,3
Paternal smoking was associated with wheezing
and cough in the bivariate analysis, but did not
remain in the multivariate analysis. Other stu-
dies6–10,12 have found no significant association
between paternal smoking and respiratory symp-
toms in children. Though paternal smoking
could play an important role in the level of
exposure of the child,13,19,20 the dual exposure
(prenatal and postnatal) from maternal smoking,
together with the closer relation of the mother
with young offspring, could overshadow the
effects from the exposure to paternal smoking. In
the study by Gold et al.,17 the predictive power of
maternal smoking during pregnancy on multiple
wheezing episodes during the first year of life was
found not to change with the inclusion of paternal
smoking.
Although smoking in an open area of the home
such as the patio or balcony or smoking outdoors
with the door closed may indeed protect children
from exposure,21 we were not able to establish its
relation with a reduced prevalence of respiratory
symptoms in children. It may be that the parents
acknowledge it is better to avoid exposing their
children to smoke, but did not tell the whole truth
on the questionnaire.
Our study has some limitations. Both the rela-
tively small sample size and the cross-sectional
design of the study make it difficult to detect weak
associations between parental smoking and other
prevalent respiratory symptoms among these
children (cough with colds, phlegm with colds,
and attacks of wheezing with shortness of breath).
In addition, the prevalence of respiratory symp-
toms in children was calculated from information
reported by mothers: when parental questionnaires
are used, there is always a chance of recall bias
or under-reporting the respiratory symptoms of
children.
In conclusion, our results underline a greater
influence of exposure to maternal smoking (pre-
natal and postnatal) than postnatal paternal smok-
ing on the development of respiratory symptoms in
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